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Visuospatial asymmetries do not 
modulate the cheerleader effect
Daniel J. Carragher1, Blake J. Lawrence1,2,3, Nicole A. Thomas1,4 & Michael E. R. Nicholls1
The cheerleader effect occurs when the same individual appears to be more attractive when seen in a 
group, compared to alone. As observers over-attend to visual information presented in the left visual 
field, we investigated whether the spatial arrangement of the faces in a group would influence the 
magnitude of the cheerleader effect. In Experiment 1, target faces were presented twice in the centre 
of the display: once alone, and once in a group. Group images featured two distractor faces, which 
were presented in either the left or the right visual field, or on either side of the target. The location of 
the distractor faces did not modulate the size of the cheerleader effect, which was observed in each 
group configuration. In Experiment 2, we manipulated the location of the target faces, which were 
presented at the far left, far right, or centre of the group. Faces were again significantly more attractive 
in each group configuration, and the spatial location of the target face did not influence the size of the 
cheerleader effect. Together, our results show that the cheerleader effect is a robust phenomenon, 
which is not influenced by the spatial arrangement of the faces in the group.
Attractiveness is an important social cue that is rapidly evaluated from the face during first impressions1,2. 
Attractive individuals are attributed many positive stereotypes3, including competence4 and intelligence5. 
Furthermore, attractive individuals receive more lenient criminal sentences6, and an increased vote share in elec-
tions7, when compared to unattractive individuals. Facial attractiveness is signalled by the characteristics of the 
face being examined, including averageness, symmetry, and a sexually dimorphic appearance8–10. Because attrac-
tiveness is related to physical cues in the face, the majority of research has presented facial stimuli in isolation 
(i.e., a single face is presented at a time)11. Yet, we often meet strangers for the first time in social settings (e.g., in 
a boardroom or a bar). Recent findings have suggested that the perceived attractiveness of a face is influenced by 
social context12–15.
Previous research has shown that the presence of other faces in a group influences the attractiveness evalua-
tions made for individual faces13. For example, the attractiveness of an individual is raised in the presence of an 
attractive group, but lowered in an unattractive group15. Furthermore, an unattractive, but task irrelevant, face 
can strongly influence the rate of preference choices made between two attractive faces12. Most curiously, Walker 
and Vul found that the same face is perceived to be more attractive when it is seen in a group, compared to when 
seen alone; a phenomenon described as ‘the cheerleader effect’13,16. The cheerleader effect occurs for both male 
and female faces, shown in groups of same- or mixed-gender faces. Furthermore, the cheerleader effect occurs 
for groups of various sizes, from 4–16 group members13. The cheerleader effect strongly suggests that it is not 
only the attractiveness of the individual face that is evaluated, but that the surrounding faces are also encoded by 
the observer, which interfere with attractiveness evaluations11. Together, these findings show that attractiveness 
judgments change when an individual appears in a group, and that the social perception of an individual within a 
group is a unique process, whereby irrelevant faces influence our judgments of specific individuals11.
When meeting a group for the first time, each group member is evaluated11. However, if each group member 
was evaluated individually, group perception would be both time consuming and cognitively demanding to per-
form. Rather, through the process of ensemble coding, the visual system rapidly summarises the group display, 
which allows observers to identify the mean characteristics of the group17. Through ensemble coding, observers 
are able to accurately report the average size of a group of circles18, or the average emotion displayed by a group 
of faces19,20. Although observers can accurately recall the average size of a group of circles18, when asked to recall 
the size of an individual circle from the group, observers recall the circle as being similar in size to the group 
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average21. For example, a small individual circle presented among a group of large circles is recalled as being larger 
than it truly was. Brady and Alvarez21 suggest that ensemble coding occurs hierarchically, such that the average 
characteristics of the group influence the recall of individual items from the same group.
Walker and Vul13 proposed that the cheerleader effect occurs due to the hierarchical nature of ensemble cod-
ing. Initially, faces presented in a group image are automatically summarised into an ensemble average, through 
ensemble coding22. The ensemble average has the average characteristics of the faces in the group20, including 
the face being evaluated, and the irrelevant faces. Crucially, averageness is a trait that is perceived to be highly 
attractive in faces8,23–25. Average faces that are created by digitally averaging many faces together are perceived 
to be more attractive than the individual faces included in the averaging process23,26. Walker and Vul13 suggest 
that the ensemble average for a group of faces is also perceived to be highly attractive, because it has the average 
facial characteristics of the individual faces in the group. Walker and Vul suggest that the hierarchical structure 
of ensemble coding gives rise to the cheerleader effect, because an observer will recall the attractiveness of an 
individual face from the group as being similar to that of the ensemble average. Because the ensemble average is 
perceived to be highly attractive, observers will systematically recall any individual face seen in the group as being 
more attractive than when previously seen alone13.
The cheerleader effect demonstrates that irrelevant faces in the group (i.e., those not being evaluated), influ-
ence the perceived attractiveness of an individual. When considering how a group of individuals is commonly 
seen, it is clear that most groups are arranged horizontally so that the group members are standing side by side. 
The spatial arrangement of the faces within the group may modulate the strength of the cheerleader effect, 
because most people over-attend to visuospatial information that is presented within the left visual field (LVF); 
a phenomenon known as pseudoneglect27,28. This LVF bias likely arises because the right hemisphere, which 
processes the visual information in the LVF, is dominant for visuospatial processing29. Pseudoneglect is demon-
strated in line bisection tasks, whereby observers erroneously mark the centre of a horizontal line to the left of the 
true centre28,30. Interestingly, pseudoneglect also influences representational memory31, whereby observers show 
greater accuracy when recalling landmarks that are seen in the LVF compared to the right visual field (RVF)32. 
Similarly, observers are more accurate in recalling changes in complex visual patterns when they occur in the LVF 
as opposed to the RVF33. The cheerleader effect might be modulated by the spatial arrangement of the faces in the 
group, because the attention of the observer is not equally distributed across the visual field, and consequently, 
the individual faces in the group.
Attentional asymmetries have also been shown to influence the processing of human faces34,35. When viewing 
a human face, observers gaze toward the right side of the face, which falls within the over-attended LVF36–39. This 
preference to examine the side of the face that falls within the LVF may further reflect the lateralised functions 
of the right hemisphere, which is not only dominant for visuospatial processing29, but also face processing34,35. 
Human infants, adults and rhesus monkeys, have all been shown to fixate on the left side of the human face, sug-
gesting that the left gaze bias for human faces might be innate37. Furthermore, the visual scan paths displayed by 
the majority of individuals when examining a face also demonstrate an automatic LVF bias, which is not observed 
when the same individuals gaze at landscapes or symmetrical objects40. Finally, when given the opportunity to 
examine faces for an extended period of time, observers continue to spend significantly more time fixating the 
side of the face that falls within the LVF37,38. Therefore, when gazing at a group of faces, observers likely make 
more fixations toward the faces in the LVF, even over an extended time period. This left gaze bias for human faces 
is also reflected in the perceptual asymmetries shown by observers when making trait evaluations from faces41,42.
Observers not only spend longer exploring the right side of the face (i.e., the LVF)38, but base their trait eval-
uations of individuals upon the visual information present on the right side of the face39,41,43,44. Observers display 
a strong perceptual bias, which influences the perceived attractiveness of faces, such that the right side of the face 
is perceived to be more attractive than the left41,43,45,46, and faces presented entirely within the LVF are perceived 
as more attractive than faces presented in the RVF46. Burt and Perrett41 created chimeric faces, where one half of 
the face was highly attractive, while the other was unattractive. Participants were then presented with two identi-
cal faces, one which showed the attractive hemiface in the LVF, while the other was mirror reversed to show the 
attractive hemiface in the RVF. When asked which face was more attractive, observers displayed a strong bias to 
select the face with the attractive side presented in the LVF, despite the two faces being identical41. Furthermore, 
Dunstan and Lindell43 found that female faces were perceived to be more attractive when they showed the right 
cheek more prominently. However, when the same faces were mirror reversed, observers indicated that the left 
cheek was more attractive43. Crucially, the right side of the face is naturally viewed in the LVF, as is the left cheek 
when it is mirror reversed. Together these findings indicate a perceptual bias, such that faces are perceived to be 
more attractive when seen in the LVF.
Our aim was to investigate whether the LVF bias for face perception influences the magnitude of the cheer-
leader effect. We manipulated the spatial arrangement of the faces in the group image, such that the target face 
(i.e., the face being evaluated) would always be presented in the centre of the display, while the two distractor faces 
could be presented to the LVF, RVF, or on either side of the target. As attention is biased toward the LVF27,28,39, we 
expected that distractor faces within the LVF would be more salient to the observer than those in the RVF37,39. 
Increased visual exploration of the LVF could facilitate ensemble coding, as observers show greater accuracy in 
recalling complex visual scenes viewed in the LVF compared to the RVF33. Furthermore, the left gaze bias might 
also increase the perceived attractiveness of the distractor faces when they are seen in the LVF compared to the 
RVF41,46. Consequently, if the distractors in the LVF are perceived to be more attractive, the attractiveness of the 
ensemble average created from the group should also be increased. Under these conditions, the size of the cheer-
leader effect would increase, because the discrepancy between the attractiveness of the ensemble average and the 
individual face being evaluated should be greater. We predicted that the cheerleader effect would be larger when 
the distractor faces appeared in the LVF compared to the RVF.
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Experiment 1
Method. Participants. Sixty-four participants from Flinders University (51 females, Mage = 25.58, SD = 8.42) 
received course credit for their participation. The Flinders Handedness Survey (FLANDERS) was used to assess 
participant handedness47. Scores on the FLANDERS can range from −10 (strongly left handed) to +10 (strongly 
right handed). Data from left- and mixed-handed participants (scores ≤ +5; n = 9) were excluded from analysis. 
Participants with a cheerleader effect score that was further than 3 SD from the condition mean (n = 3), who 
were visually impaired (n = 1), or who did not complete the task as instructed (n = 1), were also excluded from 
analyses. The final sample consisted of 50 strongly right-handed (M = 9.72, SD = 0.81) participants (41 females, 
Mage = 26.44, SD = 9.26). The procedures in the present research were approved by, and carried out in accordance 
with the guidelines of, the Social and Behavioural Research Ethics Committee of Flinders University.
Stimuli. Images of female faces were collected online, by querying an image search engine using the search 
term ‘Bridesmaids’13,14. To control for the possibility that individuals might pose differently in a group, all face 
stimuli originally came from photographs of groups. The faces of individual group members were closely cropped 
from the image to create individual portraits. Facial stimuli were selected that directly faced the camera, and had 
both eyes directed toward the camera. The majority of facial stimuli were estimated to be between 20–40 years 
old, showing joyous or happy expressions, and appeared to be of Caucasian ethnicity. Three individual portraits 
were shown horizontally side by side to create each group stimulus (see Fig. 1). Each individual portrait was 
68 × 80 mm (7.78°, 9.15°) in size, and group images were 204 × 80 mm (23.06°, 9.15°). Stimuli were presented 
using E-Prime 2.0 (Psychology Software Tools, Pittsburgh, PA), interfaced with a 22” monitor (1680 × 1050) 
running at 60 Hz, which was positioned approximately 500 mm from the participant.
Figure 1. Example stimulus configurations in Experiment 1; (a) LVF distractors (b) BL distractors (c) RVF 
distractors (d) alone target (e) left dummy trial (f) right dummy trial. The target face (red frame) was presented 
in the centre of the display for critical trials (a,b,c,d).
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Target images were presented twice: once in a group with two distractors, and once alone as a portrait. Each 
distractor face appeared in only one group image. Target faces always appeared in the veridical centre of the 
display. On group trials, three distractor configurations were used: both distractors to the left of the target (LVF 
distractors), one on either side (bilateral distractors; BL), or both distractors on the right (RVF distractors). The 
distractor configuration for each target face was counterbalanced between-participants, such that each target face 
was rated with LVF, BL, and RVF distractors across participants. Importantly, each target face was shown with the 
same two distractor faces across participants, ensuring the attractiveness of the group remained constant15. The 
only difference between distractor conditions was the configuration of the distractors themselves.
Eighty-four faces were randomly selected from the stimulus set to appear as targets. All target faces were pre-
sented once as an individual portrait (n = 84) and once within a group (n = 84). The group image trials consisted 
of 28 trials for each distractor configuration (LVF, BL, RVF). Dummy group trials (n = 22), in which the ‘target’ 
was the far left or the far right face in the group and the distractors filled the two adjacent spaces (see Fig. 1e, 1f), 
were also included in the design to prevent participants from fixating on the central face, which was the target 
location on all critical trials. The dummy ‘target’ images (n = 22) were also shown in the alone condition to con-
ceal their purpose. All dummy trials were discarded from analyses. In total, the experiment consisted of 212 trials, 
which were intermixed and randomised.
Procedure. Small groups of participants (n = 6–8) completed the experimental task individually. Informed con-
sent was obtained from all participants prior to participation. Participants were asked to rate the attractiveness 
of the target face, which would be identified from the group image by a red frame appearing around the image. 
Six practice trials were completed to familiarise participants with all possible trial conditions (including dummy 
trials).
In group image trials, the image was initially presented for 2000 ms, during which time each face in the group 
was surrounded by a black frame. The target face was not identified from the group image during this initial 
free viewing phase, and participants were encouraged to examine each face in the group. The target face was 
then identified from the group image by a red frame, which surrounded the target face. The target was cued 
for 1000 ms, before all faces then disappeared from the display, and participants gave an attractiveness rating. 
During alone presentation trials, the target face was initially presented for 1000 ms with a black frame, which was 
replaced by a red frame for an additional 1000 ms. This presentation timing replicates that used by Walker and Vul 
(Experiment 4)13. The FLANDERS questionnaire was completed at the end of the experiment, to avoid priming 
participants about the lateralised nature of the task. The experiment took approximately 30 minutes to complete.
Analysis. Attractiveness judgments were made, via mouse click, along a visual analogue scale (width = 192 mm, 
21.74°) that ranged from “Very Unattractive” (0%) to “Very Attractive” (100%). The spatial location of scale 
anchors was counterbalanced between-participants, such that half saw ‘Very Unattractive’ on the left and ‘Very 
Attractive’ to the right of the scale, while the other half of participants saw the anchors in the opposite orienta-
tion. Scale anchors were counterbalanced between participants to avoid stimulus-response compatibility effects, 
whereby participants might produce extreme responses on the side of the scale where the distractors appeared 
(i.e., lower attractiveness ratings for LVF distractors when “Very Unattractive” also appeared in the LVF)48. The 
dependent variable was the x-coordinate of the mouse click along the visual analogue scale, which was converted 
into a percentage of attractiveness prior to analysis.
The cheerleader effect refers to the change in attractiveness of the same face when seen in a group compared to 
alone13. As such, a cheerleader effect measure was calculated by subtracting the rating of attractiveness of targets 
when seen alone, from the attractiveness ratings made when the target faces were presented in each of the three 
group conditions. The three resulting change scores (one for each group condition), indicated as a percentage, 
the change in attractiveness experienced when a target face was seen in a group, with positive values indicating 
an increase in attractiveness.
Data Availability. The datasets generated and analysed in the current study are available in the Open Science 
Framework repository, [https://osf.io/rbg8q/].
Results. To first establish whether the cheerleader effect occurred in each group condition, we used three 
one sample t-tests to examine whether the change in attractiveness was statistically significant. Faces were per-
ceived to be significantly more attractive in all group conditions: LVF, t(49) = 4.52, 95% CI [1.00, 2.59], p < 0.001, 
d = 0.64; BL, t(49) = 3.24, 95% CI [0.49, 2.09], p = 0.002, d = 0.46; RVF, t(49) = 4.45, 95% CI [0.87, 2.31], p < 0.001, 
d = 0.63. The cheerleader effect was observed in each group condition, regardless of the spatial arrangement of 
the distractor faces (see Fig. 2).
A one-way within-participants analysis of variance (ANOVA) was used to investigate whether the strength of 
the cheerleader effect differed depending on the configuration of the distractor faces (LVF, BL, RVF). The effect of 
distractor configuration was non-significant, F(2, 98) = 0.610, p = 0.545, η2 = 0.012. Finally, we used a Bayesian 
ANOVA49 to investigate whether the observed data provided evidence in support of the null hypothesis. Our data 
were 8.96 times more likely to have occurred in the absence of an effect of distractor configuration, and therefore 
provide moderate evidence for the null hypothesis (BF10 = 0.11)50. Together, our results strongly suggest that the 
spatial arrangement of the distractor faces does not modulate the strength of the cheerleader effect.
Discussion. Faces were perceived to be significantly more attractive when they appeared in a group, compared 
to when those same faces were seen alone. Our results offer the first replication of the cheerleader effect reported 
by Walker and Vul13. Furthermore, we observed the cheerleader effect in each group condition, suggesting that 
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the effect is robust. Despite our prediction that LVF distractors would be more salient, the location of the dis-
tractor faces in the group images did not modulate the size of the cheerleader effect. A Bayesian analysis also 
indicated that the observed data were consistent with the null hypothesis. Indeed, the size of the cheerleader effect 
was similar regardless of the spatial position of the distractor faces around the target face.
A strength of our experimental design was that the target was always presented centrally. Any change to the 
size of the cheerleader effect could only be attributed to the spatial configuration of the distractor faces around 
the target face. However, this design could also be considered a limitation, as the target face was always presented 
centrally, rather than appearing within the LVF or RVF of the observer. The target face is the most important face 
in the group image, because it is the only face that the observer is required to evaluate. Perhaps it is the spatial 
location of the salient target face that modulates the size of the cheerleader effect, rather than the position of the 
irrelevant distractor faces. We conducted an exploratory follow up experiment, wherein the location of the target 
face was manipulated, in order to identify whether the cheerleader effect is sensitive to any manipulation of the 
spatial arrangement of the group.
Experiment 2
Experiment 1 showed that the spatial arrangement of the distractor faces in the group did not modulate the size 
of the cheerleader effect. To investigate whether any change to the spatial composition of the group image might 
influence the cheerleader effect, we manipulated the spatial location of the target face in the group. Target faces 
were presented furthest from the centre of the display, either at the far left or far right of the group. Visual field 
differences might be revealed when the target face is shifted, because unlike the distractor faces, the observer is 
required to make an attractiveness evaluation of the target face. As the present study was exploratory in nature, 
we entertained the plausibility of multiple hypotheses (H0, H1, H2).
As illustrated by previous research, observers are likely to spend more time visually exploring the target face 
when it appears in the LVF36,38,39. Furthermore, the target might be perceived as more attractive when presented 
entirely within the LVF, compared to the RVF41,43,46. Consequently, when the target face is presented in the LVF, 
the group should be summarised to create an ensemble average that is more attractive than when the same target 
is presented in the RVF. As such, the increased attractiveness of the ensemble average in the LVF condition could 
result in a larger cheerleader effect, compared the RVF condition (H1).
Although it is possible that placing the target face within the LVF will increase the cheerleader effect (H1), it is 
also possible that positioning the target face within the LVF will produce a smaller cheerleader effect (H2), because 
observers are more likely to rely on the ensemble average under conditions of uncertainty21. When located in the 
LVF, observers are likely to spend more time examining the target face, compared to when it appears in the RVF38. 
If the observer has spent more time examining the target in the LVF, they may be less likely to rely on the ensem-
ble average when recalling the attractiveness of the target face. In contrast, if fewer fixations are made to the target 
in the RVF, the observer may be uncertain about the attractiveness of the target face, and instead rely more on 
the attractiveness of the ensemble average. Therefore, it is also possible that the cheerleader effect will be smaller 
when the target face appears in the LVF and larger when the target appears in the RVF (H2).
Finally, it is also possible that the size of the cheerleader effect will not be influenced by the spatial position 
of the target face (H0). This pattern of results would be consistent with the evidence in favour of the null hypoth-
esis reported in Experiment 1. Further evidence in favour of the null hypothesis would suggest that the spatial 
arrangement of the group does not influence the size of the cheerleader effect.
Method. Participants. Sixty-six participants from Flinders University (44 females, Mage = 24.52, SD = 6.27) 
received course credit for their participation. As in Experiment 1, data from left- and mixed-handed participants 
Figure 2. The cheerleader effect in each distractor configuration. Error bars represent within-subjects standard 
error61.
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were excluded (n = 6). All participants completed the task as instructed, and no participant data fell outside the 
3 SD exclusion criterion used in Experiment 1. The final sample consisted of 60 strongly right-handed (M = 9.77, 
SD = 0.75) participants (40 females, Mage = 24.67, SD = 6.51).
Stimuli, Apparatus and Procedure. The apparatus, design, and procedure were identical to Experiment 1. The 
target faces and their accompanying distractor faces were also those presented in Experiment 1. In Experiment 2, 
we manipulated the spatial location of the target face within the group. Target faces could be presented in the LVF, 
Centre, or RVF (see Fig. 3). The location of each target image was counterbalanced between-participants, such 
that each target was rated in each of the three possible locations. Each target face was presented with the same 
two distractor faces in each group condition; only the position of the target face in the group differed between the 
group conditions. Dummy trials, which were not analysed, were included to prevent participants from fixating 
on the far ends of group images, where the target faces appeared during most critical trials. Dummy targets were 
presented in the centre of the display, with both distractors either to the left or right. In total, the experiment 
consisted of 212 trials, which were intermixed and randomised.
Results
Three one sample t-tests were first used to examine whether the cheerleader effect was observed in each group 
condition. Faces were significantly more attractive in all group conditions: LVF, t(59) = 3.82, 95%CI [0.73, 2.34], 
p < 0.001, d = 0.49; Centre, t(59) = 3.79, 95%CI [0.61, 1.96], p < 0.001, d = 0.49; RVF, t(59) = 5.16, 95%CI [1.32, 
3.00], p < 0.001, d = 0.67. Once again, the cheerleader effect was observed in each group condition, regardless of 
the location of the target face in the group (see Fig. 4).
A one-way within-participants ANOVA was used to investigate whether the strength of the cheerleader 
effect was influenced by target location (LVF, Centre, RVF). As the assumption of sphericity was violated, 
Figure 3. Example stimulus configurations for Experiment 2: (a) LVF target (b) Centre target (c) RVF target (d) 
alone target (e) left dummy trial (f) right dummy trial.
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Greenhouse-Geisser adjusted degrees of freedom are reported. The effect of target location was non-significant, 
F(1.75, 103.29) = 1.49, p = 0.230, η2 = 0.025. Finally, we used a Bayesian ANOVA49 to investigate whether the 
data provided evidence in support of the null hypothesis. Our data were 4.41 times more likely to have occurred 
in the absence of an effect of target location, and therefore provide moderate evidence for the null hypothesis 
(BF10 = 0.23)50. Taken together, our results strongly suggest that the location of the target face in the group image 
did not modulate the strength of the cheerleader effect.
Discussion. The results of Experiment 2 showed a consistent cheerleader effect, regardless of the location of 
the target within the group. Our findings support the null hypothesis (H0), as the position of the target face in 
the group did not influence the strength of the cheerleader effect. Taken together, the results of Experiment 1 and 
Experiment 2 strongly suggest that the spatial configuration of the group does not influence the strength of the 
cheerleader effect.
General Discussion
Across two experiments, we found strong evidence in support of the cheerleader effect13. In contrast to our pre-
dictions, the cheerleader effect was not influenced by perceptual or visual field biases, and occurred regardless 
of the spatial configuration of the group. The size of the cheerleader effect appears to be relatively consistent, 
such that attractiveness is increased within the range of 1.5–2%. Although the cheerleader effect is known col-
loquially16, scientific investigation has been limited13. Our findings show that the cheerleader effect is a robust 
phenomenon that can be observed using a relatively unconstrained set of images, collected from the internet. 
The cheerleader effect occurred in all group conditions, replicating Walker and Vul13, and extending upon their 
findings to show that the cheerleader effect is not modulated by the spatial configuration of the group image.
While the present study was not designed to directly test the proposed hierarchical encoding mechanism of 
the cheerleader effect, our findings are nonetheless consistent with the framework provided by Walker and Vul13. 
It is possible that the spatial configuration of the group did not influence the cheerleader effect, because ensemble 
coding serves to reduce perceptual redundancy, by rapidly encoding and summarising complex group displays17. 
Haberman and Whitney20 demonstrated that the average emotion shown in a group of 16 emotional faces could 
be accurately identified after being presented for only 500 ms. Therefore, ensemble coding can create accurate 
summary representations of much larger groups, which have been presented for less time, than the groups used 
in the present experiments. Furthermore, participants are sensitive to small changes in facial emotional expres-
sions in large groups, without being able to identify the source of the change51, suggesting that encoding occurs 
without awareness for individual item locations within the set. The findings of Haberman and Whitney51 are 
consistent with previous research, which has shown that distractors are encoded and tracked, even though they 
are task-irrelevant and fall outside of the attended area of the visual display52. Thus, the results of the present study 
are consistent with an ensemble coding mechanism that can rapidly summarise large set sizes, and as such, is not 
influenced by visual asymmetries within a small set of images.
The hierarchal encoding framework offered by Walker and Vul13 is currently the only framework proposed to 
explain the cheerleader effect. Yet, the cheerleader effect shares many similarities with the Group Attractiveness 
Effect, whereby the attractiveness of a whole group of individuals is overestimated relative to the average attractive-
ness ratings of each individual group member14. The Group Attractiveness Effect is driven by selective attention 
towards the most attractive faces within the group, which results in an increased estimate of the attractiveness of 
the whole group14. The selective attention framework suggested by van Osch, et al.14 could also underlie the cheer-
leader effect, whereby the attractiveness of the target face is overestimated in a group, because attention is primarily 
directed towards the most attractive faces in the group53. As our data are potentially consistent with both accounts 
of hierarchical encoding13 and selective attention14, it is clear that future research is necessary to directly contrast 
the unique predictions of each model to determine the mechanism underlying the cheerleader effect.
Figure 4. The cheerleader effect for each target location. Error bars represent within-subjects standard error61.
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Although imaging35,54–56 and behavioural41,57–59 studies indicate that the right hemisphere shows greater acti-
vation during face processing, bilateral and left hemisphere activation35,60 have also been reported. Proverbio, et 
al.56 found that females showed bilateral activation during face processing, whereas males showed asymmetric 
activation of the right hemisphere, suggesting that contradictory previous findings may be the result of sex dif-
ferences in cerebral lateralisation. Similarly, Bourne57 found that males exhibited a stronger behavioural bias on a 
chimeric face task than females, further suggesting that males have stronger lateralisation of face processing than 
females, which manifests in stronger visual field asymmetries. As such, it is possible that the spatial configuration 
of the group images in the present study did not modulate the cheerleader effect because the majority of our par-
ticipants were female. Although there were too few males in our sample to perform a reliable sex analysis, future 
research should consider whether the spatial configuration of the group image does modulate the cheerleader 
effect among males.
Our results clearly show that attractiveness judgments made for an individual face within a group are not 
the same as those made for the same face presented alone13–15. The presence of other faces in a group interferes 
with the perceived attractiveness of an individual, even when the individual target is clearly identified from the 
group. As the majority of previous research has examined trait perception of individual faces, future research of 
group social perception is vital11. For example, is the cheerleader effect a phenomenon that is specific to attrac-
tiveness judgments, or is the perception of other traits also influenced in a group scene? Other trait judgments, 
such as trustworthiness and competence, are strongly correlated with attractiveness2, and consequently may also 
be increased when an individual is seen within a group. However, the cheerleader effect might be unique to 
attractiveness judgments, because other traits are not as strongly related to facial averageness, and should not be 
systematically increased due to the average properties of the ensemble average of the group. Investigating whether 
the cheerleader effect extends to other traits is an exciting avenue for future research.
The cheerleader effect is a robust phenomenon, wherein faces appear more attractive in a group than alone. 
Our findings replicate those of Walker and Vul13, and show that the spatial configuration of the group does not 
influence the magnitude of the cheerleader effect. Ensemble coding of small groups might not be subject to the 
visual or perceptual biases that affect the perception of a single face. Our interpretation is consistent with previ-
ous research showing that group displays are encoded and summarised rapidly, and with little awareness of the 
individual group members. Our findings suggest that if you are looking to increase your own attractiveness, you 
could do so by appearing in a group, though you needn’t worry where you appear.
References
 1. Willis, J. & Todorov, A. First impressions: Making up your mind after a 100-ms exposure to a face. Psychol. Sci. 17, 592–598, https://
doi.org/10.1111/j.1467-9280.2006.01750.x (2006).
 2. Oosterhof, N. N. & Todorov, A. The functional basis of face evaluation. Proc. Natl. Acad. Sci. USA 105, 11087–11092, https://doi.
org/10.1073/pnas.0805664105 (2008).
 3. Dion, K., Berscheid, E. & Walster, E. What is beautiful is good. J. Pers. Soc. Psychol. 24, 285–290, https://doi.org/10.1037/h0033731 
(1972).
 4. Langlois, J. H. et al. Maxims or myths of beauty? A meta-analytic and theoretical review. Psychol. Bull. 126, 390–423, https://doi.
org/10.1037//0033-2909.126.3.390 (2000).
 5. Eagly, A. H., Ashmore, R. D., Makhijani, M. G. & Longo, L. C. What is beautiful is good, but…: A meta-analytic review of research 
on the physical attractiveness stereotype. Psychol. Bull. 110, 109–128, https://doi.org/10.1037//0033-2909.110.1.109 (1991).
 6. Stewart, J. E. Defendant’s attractiveness as a factor in the outcome of criminal trials: an observational study1. J. Appl. Soc. Psychol. 10, 
348–361, https://doi.org/10.1111/j.1559-1816.1980.tb00715.x (1980).
 7. Stockemer, D. & Praino, R. Blinded by beauty? Physical attractiveness and candidate selection in the US House of Representatives. 
Soc. Sci. Quart. 96, 430–443, https://doi.org/10.1111/ssqu.12155 (2015).
 8. Rhodes, G. The evolutionary psychology of facial beauty. Annu. Rev. Psychol. 57, 199–226, https://doi.org/10.1146/annurev.
psych.57.102904.190208 (2006).
 9. Little, A. C., Jones, B. C. & DeBruine, L. M. Facial attractiveness: Evolutionary based research. Philos. Trans. R. Soc. Lond. B Bio. Sci. 
366, 1638–1659, https://doi.org/10.1098/rstb.2010.0404 (2011).
 10. Perrett, D. et al. Effects of sexual dimorphism on facial attractiveness. Nature 394, 884–887, https://doi.org/10.1038/29772 (1998).
 11. Phillips, L. T., Weisbuch, M. & Ambady, N. People perception: Social vision of groups and consequences for organizing and 
interacting. Res. Organ. Behav. 34, 101–127, https://doi.org/10.1016/j.riob.2014.10.001 (2014).
 12. Furl, N. Facial-attractiveness choices are predicted by divisive normalization. Psychol. Sci. 27, 1379–1387, https://doi.
org/10.1177/0956797616661523 (2016).
 13. Walker, D. & Vul, E. Hierarchical encoding makes individuals in a group seem more attractive. Psychol. Sci. 25, 230–235, https://doi.
org/10.1177/0956797613497969 (2014).
 14. van Osch, Y., Blanken, I., Meijs, M. H. & van Wolferen, J. A group’s physical attractiveness is greater than the average attractiveness 
of its members: The Group Attractiveness Effect. Pers. Soc. Psychol. Bull. 41, 559–574, https://doi.org/10.1177/0146167215572799 
(2015).
 15. Geiselman, R. E., Haight, N. A. & Kimata, L. G. Context effects on the perceived physical attractiveness of faces. J. Exp. Soc. Psychol. 
20, 409–424, https://doi.org/10.1016/0022-1031(84)90035-0 (1984).
 16. Rashid, R. (writer) & Fryman, P. (director). Not a Father’s day [television series episode] in C. Bayes., & C. Thomas., (creators), How 
I met your mother (CBS., New York, NY, 2008).
 17. Alvarez, G. A. Representing multiple objects as an ensemble enhances visual cognition. Trends Cogn. Sci. 15, 122–131, https://doi.
org/10.1016/j.tics.2011.01.003 (2011).
 18. Ariely, D. Seeing sets: Representation by statistical properties. Psychol. Sci. 12, 157–162, https://doi.org/10.1111/1467-9280.00327 
(2001).
 19. Haberman, J. & Whitney, D. Rapid extraction of mean emotion and gender from sets of faces. Curr. Biol. 17, R751–R753, https://doi.
org/10.1016/j.cub.2007.06.039 (2007).
 20. Haberman, J. & Whitney, D. Seeing the mean: Ensemble coding for sets of faces. J. Exp. Psychol. Hum. Percept. Perform. 35, 718–734, 
https://doi.org/10.1037/a0013899 (2009).
 21. Brady, T. F. & Alvarez, G. A. Hierarchical encoding in visual working memory: Ensemble statistics bias memory for individual items. 
Psychol. Sci. 22, 384–392, https://doi.org/10.1177/0956797610397956 (2011).
 22. Chong, S. C. & Treisman, A. Statistical processing: Computing the average size in perceptual groups. Vision Res. 45, 891–900, https://
doi.org/10.1016/j.visres.2004.10.004 (2005).
www.nature.com/scientificreports/
9SCIEnTIFIC REPORTs |  (2018) 8:2548  | DOI:10.1038/s41598-018-20784-5
 23. Langlois, J. H. & Roggman, L. A. Attractive faces are only average. Psychol. Sci. 1, 115–121, https://doi.org/10.1111/j.1467-9280.1990.
tb00079.x (1990).
 24. Rhodes, G., Sumich, A. & Byatt, G. Are average facial configurations attractive only because of their symmetry? Psychol. Sci. 10, 
52–58, https://doi.org/10.1111/1467-9280.00106 (1999).
 25. Said, C. P. & Todorov, A. A statistical model of facial attractiveness. Psychol. Sci. 22, 1183–1190, https://doi.
org/10.1177/0956797611419169 (2011).
 26. Rhodes, G. et al. Attractiveness of facial averageness and symmetry in non-Western cultures: In search of biologically based 
standards of beauty. Perception 30, 611–625, https://doi.org/10.1068/p3123 (2001).
 27. Bowers, D. & Heilman, K. M. Pseudoneglect: Effects of hemispace on a tactile line bisection task. Neuropsychologia 18, 491–498, 
https://doi.org/10.1016/0028-3932(80)90151-7 (1980).
 28. Jewell, G. & McCourt, M. E. Pseudoneglect: A review and meta-analysis of performance factors in line bisection tasks. 
Neuropsychologia 38, 93–110, https://doi.org/10.1016/s0028-3932(99)00045-7 (2000).
 29. Kinsbourne, M. The cerebral basis of lateral asymmetries in attention. Acta Psychol. (Amst.) 33, 193–201, https://doi.
org/10.1016/0001-6918(70)90132-0 (1970).
 30. Nicholls, M. E., Bradshaw, J. L. & Mattingley, J. B. Free-viewing perceptual asymmetries for the judgement of brightness, numerosity 
and size. Neuropsychologia 37, 307–314, https://doi.org/10.1016/s0028-3932(98)00074-8 (1999).
 31. Brooks, J. L., Della Sala, S. & Darling, S. Representational pseudoneglect: A review. Neuropsychol. Rev. 24, 148–165, https://doi.
org/10.1007/s11065-013-9245-2 (2014).
 32. McGeorge, P., Beschin, N., Colnaghi, A., Rusconi, M. L. & Della Sala, S. A lateralized bias in mental imagery: Evidence for 
representational pseudoneglect. Neurosci. Lett. 421, 259–263, https://doi.org/10.1016/j.neulet.2007.05.050 (2007).
 33. Aniulis, E., Churches, O., Thomas, N. A. & Nicholls, M. E. Representational pseudoneglect for detecting changes to Rey–Osterrieth 
figures. Exp. Brain Res. 234, 3381–3387, https://doi.org/10.1007/s00221-016-4735-0 (2016).
 34. Yovel, G., Tambini, A. & Brandman, T. The asymmetry of the fusiform face area is a stable individual characteristic that underlies the 
left-visual-field superiority for faces. Neuropsychologia 46, 3061–3068, https://doi.org/10.1016/j.neuropsychologia.2008.06.017 
(2008).
 35. Kanwisher, N., McDermott, J. & Chun, M. M. The fusiform face area: A module in human extrastriate cortex specialized for face 
perception. J. Neurosci. 17, 4302–4311 (1997).
 36. Thomas, N. A., Wignall, S. J., Loetscher, T. & Nicholls, M. E. Searching the expressive face: Evidence for both the right hemisphere 
and valence-specific hypotheses. Emotion 14, 962–977, https://doi.org/10.1037/a0037033 (2014).
 37. Guo, K., Meints, K., Hall, C., Hall, S. & Mills, D. Left gaze bias in humans, rhesus monkeys and domestic dogs. Anim. Cogn. 12, 
409–418, https://doi.org/10.1007/s10071-008-0199-3 (2009).
 38. Guo, K., Smith, C., Powell, K. & Nicholls, K. Consistent left gaze bias in processing different facial cues. Psychol. Res. 76, 263–269, 
https://doi.org/10.1007/s00426-011-0340-9 (2012).
 39. Butler, S. et al. Are the perceptual biases found in chimeric face processing reflected in eye-movement patterns? Neuropsychologia 
43, 52–59, https://doi.org/10.1016/j.neuropsychologia.2004.06.005 (2005).
 40. Leonards, U. & Scott-Samuel, N. E. Idiosyncratic initiation of saccadic face exploration in humans. Vision Res. 45, 2677–2684, 
https://doi.org/10.1016/j.visres.2005.03.009 (2005).
 41. Burt, D. M. & Perrett, D. I. Perceptual asymmetries in judgements of facial attractiveness, age, gender, speech and expression. 
Neuropsychologia 35, 685–693, https://doi.org/10.1016/s0028-3932(96)00111-x (1997).
 42. Lindell, A. K. Continuities in emotion lateralization in human and non-human primates. Front. Hum. Neurosci. 7, 464, https://doi.
org/10.3389/fnhum.2013.00464 (2013).
 43. Dunstan, C. J. & Lindell, A. K. Hemifacial preferences for the perception of emotion and attractiveness differ with the gender of the 
one beheld. Cogn. Emot. 26, 907–915, https://doi.org/10.1080/02699931.2011.621931 (2012).
 44. Indersmitten, T. & Gur, R. C. Emotion processing in chimeric faces: hemispheric asymmetries in expression and recognition of 
emotions. J. Neurosci. 23, 3820–3825 (2003).
 45. Zaidel, D. W., Chen, A. C. & German, C. She is not a beauty even when she smiles: Possible evolutionary basis for a relationship 
between facial attractiveness and hemispheric specialization. Neuropsychologia 33, 649–655, https://doi.org/10.1016/0028-
3932(94)00135-c (1995).
 46. Franklin, R. G. & Adams, R. B. The two sides of beauty: Laterality and the duality of facial attractiveness. Brain Cogn. 72, 300–305, 
https://doi.org/10.1016/j.bandc.2009.10.002 (2010).
 47. Nicholls, M. E., Thomas, N. A., Loetscher, T. & Grimshaw, G. M. The Flinders handedness survey (FLANDERS): A brief measure of 
skilled hand preference. Cortex 49, 2914–2926, https://doi.org/10.1016/j.cortex.2013.02.002 (2013).
 48. Nicholls, M. E., Orr, C. A., Okubo, M. & Loftus, A. Satisfaction guaranteed: The effect of spatial biases on responses to likert scales. 
Psychol. Sci. 17, 1027–1028, https://doi.org/10.1111/j.1467-9280.2006.01822.x (2006).
 49. Rouder, J. N., Morey, R. D., Speckman, P. L. & Province, J. M. Default Bayes factors for ANOVA designs. J. Math. Psychol. 56, 
356–374, https://doi.org/10.1016/j.jmp.2012.08.001 (2012).
 50. Jeffries, H. Theory of probability. (Oxford University Press, 1961).
 51. Haberman, J. & Whitney, D. Efficient summary statistical representation when change localization fails. Psychon. Bull. Rev. 18, 
855–859, https://doi.org/10.3758/s13423-011-0125-6 (2011).
 52. Alvarez, G. A. & Oliva, A. The representation of simple ensemble visual features outside the focus of attention. Psychol. Sci. 19, 
392–398, https://doi.org/10.1111/j.1467-9280.2008.02098.x (2008).
 53. Maner, J. K. et al. Sexually selective cognition: Beauty captures the mind of the beholder. J. Pers. Soc. Psychol. 85, 1107–1120, https://
doi.org/10.1037/0022-3514.85.6.1107 (2003).
 54. Rossion, B., Joyce, C. A., Cottrell, G. W. & Tarr, M. J. Early lateralization and orientation tuning for face, word, and object processing 
in the visual cortex. NeuroImage 20, 1609–1624, https://doi.org/10.1016/j.neuroimage.2003.07.010 (2003).
 55. Rossion, B. et al. Hemispheric asymmetries for whole-based and part-based face processing in the human fusiform gyrus. J. Cognit. 
Neurosci. 12, 793–802, https://doi.org/10.1162/089892900562606 (2000).
 56. Proverbio, A. M., Brignone, V., Matarazzo, S., Del Zotto, M. & Zani, A. Gender differences in hemispheric asymmetry for face 
processing. BMC Neurosci. 7, 44, https://doi.org/10.1186/1471-2202-7-44 (2006).
 57. Bourne, V. J. Lateralised processing of positive facial emotion: Sex differences in strength of hemispheric dominance. 
Neuropsychologia 43, 953–956, https://doi.org/10.1016/j.neuropsychologia.2004.08.007 (2005).
 58. Bourne, V. J. How are emotions lateralised in the brain? Contrasting existing hypotheses using the chimeric faces test. Cogn. Emot. 
24, 903–911, https://doi.org/10.1080/02699930903007714 (2010).
 59. Borod, J. C. et al. Right hemisphere emotional perception: Evidence across multiple channels. Neuropsychology 12, 446–458, https://
doi.org/10.1037//0894-4105.12.3.446 (1998).
 60. Pourtois, G., Schwartz, S., Seghier, M. L., Lazeyras, F. & Vuilleumier, P. Portraits or people? Distinct representations of face identity 
in the human visual cortex. J. Cognit. Neurosci. 17, 1043–1057, https://doi.org/10.1162/0898929054475181 (2005).
 61. Cousineau, D. Confidence intervals in within-subject designs: A simpler solution to Loftus and Masson’s method. Tutor. Quant. 
Methods Psychol. 1, 42–45, https://doi.org/10.20982/tqmp.01.1.p042 (2005).
www.nature.com/scientificreports/
1 0SCIEnTIFIC REPORTs |  (2018) 8:2548  | DOI:10.1038/s41598-018-20784-5
Acknowledgements
Author DJC was supported through an Australian Government Research Training Program Scholarship.
Author Contributions
D.J.C., B.J.L., N.A.T., & M.E.R.N. designed the experiments. D.J.C., & B.J.L. collected the data. D.J.C. analysed 
the data. D.J.C. & N.A.T. wrote the manuscript. B.J.L., & M.E.R.N. provided critical revisions to the manuscript.
Additional Information
Competing Interests: The authors declare that they have no competing interests.
Publisher's note: Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 
format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the Cre-
ative Commons license, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons license, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons license and your intended use is not per-
mitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the 
copyright holder. To view a copy of this license, visit http://creativecommons.org/licenses/by/4.0/.
 
© The Author(s) 2018
